Abstract. Lung cancer is a common and highly frequent cause of cancer-associated mortality worldwide. Several studies have indicated that chronic inflammation is associated with an increased risk of several types of human cancer. The lung is vulnerable to various chemical and biological insults, and persistent exposure to these factors may result in the release of several inflammatory cytokines from inflammatory cells, thus leading to chronic inflammation and a risk of lung cancer. Due to the extensive application of C57BL/6J mice in lipid metabolism-related research, it appears important to establish a lung cancer model based on C57BL/6J mice. Therefore, the present study designed an experimental model, in which C57BL/6J mice received several injections of urethane. The study aimed to explore whether inflammation has a role in this model of lung cancer. The results demonstrated that 10 weekly intraperitoneal injections of urethane induced a 100% lung tumor incidence, and urethane-treated mice possessed higher numbers of immune cells. In addition, the expression levels of cytokines and chemokines in bronchoalveolar lavage fluid were significantly different between the two groups. Activation of the transcription factor nuclear factor-κB was increased in the lung tissues of urethane-treated mice, and its expression was upregulated in a time-dependent manner. These results suggested that the accumulation of lung inflammation may be associated with the occurrence of lung cancer in C57BL/6J mice.
Introduction
Lung cancer is a common and highly frequent cause of cancer-associated mortality worldwide (1, 2) . In addition, the occurrence of lung cancer between mice and humans is similar, particularly adenocarcinoma (3). The incidence and outcome of lung injury and inflammation are associated with the nature of the precipitating disease, and individual susceptibility (4) . Genetic susceptibility has been reported to have an important role in the induction and development of lung injury in humans (5) and animals (6) , and various mouse strains display a variation in susceptibility to lung tumor induction. In current lung cancer research, a urethane model of lung cancer has been widely used, particularly in BALB/c mice (7) . Previous studies have demonstrated that C57BL/6J mice are not very sensitive to urethane-induced lung cancer (8, 9) . However, with the extensive application of C57BL/6J mice in lipid metabolism-related research, it appears important to establish a lung cancer model based on C57BL/6J mice.
It has previously been reported that chronic inflammation is associated with an increased risk of several types of human cancer (10) . The lung is vulnerable to various chemical and biological insults, and persistent exposure to these factors may induce the release of several inflammatory cytokines from inflammatory cells, consequently leading to chronic inflammation and an increased risk of lung cancer (11, 12) . Inflammatory cells in the tumor microenvironment may release cytokines to directly stimulate oncogenic signaling in cancer cells, including nuclear factor (NF)-κB, thus promoting cancer survival and proliferation (12) . The present study designed an experimental model, in which C57BL/6J mice received numerous injections of urethane. The present study aimed to determine whether inflammation has a role in this lung cancer model. The results demonstrated that accumulation of lung inflammation was associated with the occurrence of lung cancer in C57BL/6J mice. BALF collection and multiplex antibody array. BALF samples were collected and were analyzed, as described in a previous study (14) . Briefly, BALF collection was performed using three aliquots of 1 ml 0.9% saline. The BALF fraction was then separated by centrifugation at 400 x g for 10 min at 4˚C. Bronchoalveolar lavage cell numbers were counted by three people blind to the experimental condition. The cell suspension was stained with Diff-Quik stain kit (Shanghai Yuanye Biotechnology Co., Ltd., Shanghai, China) in order to assess BALF inflammatory cell types in cell smears. Multiplex antibody arrays (Quantibody ® Mouse Inflammation Array 1; Raybiotech, Inc., Norcross, GA, USA) were conducted on BALF supernatant fluid according to the manufacturer's protocol, and the amount of inflammatory cytokines and chemokines were determined based on a logarithmic regression standard curve.
Inflammation has a role in urethane-
Western blot analysis. Proteins were extracted from lung tissue homogenates using the KeyGEN Nuclear and Cytoplasmic Protein Extraction kit (Nanjing Keygen Biotech Co., Ltd., Nanjing, China). Protein concentration was quantified using a bicinchoninic acid assay kit (Dingguo Changsheng Biotechnology Co., Ltd., Beijing, China) Equal quantity (50 µg) of nuclear protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (12% resolving gel and 5% stacking get) and were transferred to polyvinylidene fluoride membranes (EMD Millipore, Bedford, MA, USA). The membranes were then blocked for 1 h at 37˚C in 5% non-fat milk, and were incubated with phosphorylated (p)-NF-κB (cat. no. 3033S; 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, United States) primary antibodies overnight at 4˚C. The primary antibody was detected using a rabbit HRP-conjugated secondary antibody (cat. no. BS13278; 1:10,000; Bioworld Technology, Inc., St. Louis Park, MN, USA). The blots were visualized using a Chemiluminescent HRP Substrate (EMD Millipore). Results were quantified using Image J version 1.4 software (National Institutes of Health, Bethesda, MD, USA) and are presented as optical density per square millimeter. Lamin B-1 was used as control antibody (cat. no. BS3547; 1:1,000, Bioword Technology, Inc.) Statistical analysis. All experiments were conducted three times and are reproducible. Data are presented as the mean ± standard error of the mean. Statistical significance for each variable was estimated using Student's t-test, or two-way analysis of variance followed by least squares means multiple comparisons test using SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Effects of urethane on body weight and lung tumor incidence in C57BL/6J mice. The body weights of the experimental mice were detected once a week, up to week 28. Body weight was reduced in the urethane-treated group compared with in the saline-treated control group during and after urethane administration (Fig. 1B) . The continuous i.p injection of urethane over 10 weeks induced 100% lung tumor incidence at week 28 (no. of mice with tumors/no. of mice injected; data not shown), and tumors were particularly evident (Fig. 1C) . Histopathological analysis was conducted, and the lungs of the urethane-treated group exhibited the following morphological alterations: Epithelial hyperplasia, atypical adenomatous hyperplasia (AAH) and adenoma (AD) (Fig. 1D) ; however, no adenocarcinomas were observed at week 28.
Effects of urethane on lung inflammation. The number of immune cells in the BALF was significantly different between the urethane-treated mice and control mice at week 13. Urethane-treated mice exhibited an overall increased number of cells in the BALF (data not shown), and the number of macrophages, polymorphonuclear cells and lymphocytes were increased to varying degrees, as determined by Diff-Quik staining ( Fig. 2A) . Based on these results, the present study aimed to determine whether lung tissues exhibited the same changes. The results of IHC demonstrated that macrophages and neutrophils were increased in the lung tissues of urethane-treated mice compared with in saline-treated mice at week 28 (Fig. 2B) .
To determine the circulating levels of cytokines and chemokines in BALF at week 13, multiplex antibody arrays were conducted. The expression levels of cytokines and chemokines in BALF were significantly different between the two groups. Several important cytokines and chemokines involved in lung inflammation were detected (Fig. 3) . BALF levels of several important proinflammatory cytokines and chemokines, including interleukin (IL)-6, regulated upon activation normal T cell expressed and secreted (RANTES), thymus and activation regulated chemokine (TARC) and TIMP metallopeptidase inhibitor 1 (TIMP-1) were significantly increased in the urethane-treated group. However, the levels of anti-inflammatory cytokines and chemokines, such as IL-2, IL-4, IL-10 and IL-13 were downregulated in BALF from the urethane-treated mice compared with the controls. Furthermore, 
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the levels of granulocyte-colony stimulating factor (CSF), macrophage inflammatory protein (MIP)-1γ, tumor necrosis factor receptor (TNFR)I and TNFRII were significantly increased in urethane-treated mice, and the expression levels of CD30 ligand, interferon γ, IL-1α, IL-1β, IL-7, IL-15, IL-17, C-X-C motif chemokine 5, macrophage-CSF and MIP-1α were significantly decreased compared with in the control group.
Expression of the transcription factor NF-κB following urethane treatment.
The expression levels of p-NF-κB were detected in lung tissues from the urethane-treated and saline-treated mice by western blotting at weeks 13 and 28 (Fig. 4) . NF-κB activation was increased following urethane treatment, and the expression levels increased in a time-dependent manner. 
Discussion
Genetic background has been reported to have an important role in the induction and development of lung injury in humans (5) and animals (6) , and various species of mice exhibit various levels of sensitivity to induced lung cancer. Miller et al (13) reported that a single dose of urethane does not induce a high incidence of AD in B6 mice; however, 10 weekly urethane injections induced ~100% lung tumor incidence. The present study was designed to explore whether inflammation has a role in lung cancer induced by several injections of urethane in C57BL/6J mice. The results demonstrated that the continuous i.p administration of urethane over 10 weeks induced 100% lung tumor incidence, which was consistent with a previous study (13) . AAH and AD were the predominant morphological changes observed in the urethane model; of which AD was shown to be similar to human lung cancer.
Inflammation has a key role in cancer. Raposo et al (15) demonstrated that inflammatory cells are able to produce reactive oxygen species and reactive nitrogen intermediates, which increase the mutation rate of cells, induce DNA damage and increase genomic instability; these molecules also inactivate mismatch repair functions, thus supporting tumor promotion. Due to the close association between inflammation and cancer (16) (17) (18) (19) , the present study aimed to evaluate whether inflammatory changes appear prior to the appearance of hyperplasia or tumor. It was determined that inflammatory changes occurred at week 13; however, tumorigenesis was not observed until week 28. Redente et al (20) reported that macrophages in normal lungs were located in the alveolar interstitia and airways, whereas macrophages adjacent to tumors and neutrophil accumulation were observed in the lungs of urethane-treated A/J mice. In the present study, compared with the saline control group, urethane-treated mice exhibited increased numbers of macrophages and neutrophils (Fig. 2 ) in BALF and lung tissues. Among the inflammatory cell types in the lungs, macrophages are the most abundant. Depending on microenvironmental cues, these cells are able to stimulate inflammatory responses via the secretion of proinflammatory cytokines, or suppress immune responses by releasing high levels of anti-inflammatory cytokines. IL-6 is a multifunctional cytokine that may regulate immune and inflammatory responses, including control of the acute phase response at the beginning of acute inflammation, regulation of B-cell and T-cell differentiation and activation, and promotion of cell growth and survival (21) . Other members of the IL family associated with lung cancer include IL-2, IL-4 and IL-10 (22). IL-2-activated NK cells are able to induce regression of established lung tumors (22) . IL-4 is an anti-inflammatory cytokine, which reduces the production of proinflammatory cytokines by monocytes and with direct antiproliferative effects in some tumors (22) . Additionally, it induces cathepsin protease activity in tumor-associated macrophages to promote cancer growth and invasion and stimulates 15-hydroxyprostaglandin dehydrogenase activity mediated by janus kinase-signal transducer and activator of transcription 6, mitogen-activated protein kinase, phosphoinositide 3-kinase/Akt and protein kinase C signaling pathways (22) . IL-10 is an immunosuppressive cytokine involved in carcinogenesis via immune escape (22) . RANTES is a C-C chemokine that serves as a chemoattractant for various cells. Conti and DiGioacchino (23) identified RANTES as a mediator of inflammation. In the present study, the expression levels of proinflammatory cytokines and chemokines, including IL-6, RANTES, TARC and TIMP-1 were significantly increased in BALF from urethane-treated mice, whereas the levels of anti-inflammatory cytokines and chemokines, such as IL-2, IL-4, IL-10 and IL-13 were downregulated (Fig. 3) . Chronic inflammation is a characteristic phenotype of urethane-induced tumorigenesis. Narayan and Kumar (24) reported that urethane-induced lung tumorigenesis in BALB/c mice may be caused by chronic lung inflammation.
The NF-κB transcription factor functions as a crucial regulator of inflammation, the immune response, and cell survival (25, 26) . In addition, NF-κB has been implicated in cellular transformation and tumorigenesis, and has been revealed to be activated at the early stages of carcinogenesis (27, 28) . In mice treated with several injections of urethane, NF-κB was activated in the lung tissues, and its expression increased in a time-dependent manner (Fig. 4) . These results were inconsistent with those of Stathopoulos et al (28) ; however, C57BL/6 mice received weekly i.p injections of urethane for only 4 weeks in this previous study. The results of the present study suggested that the duration of urethane injections may have an important role in the activation of NF-κB.
In conclusion, the present study determined that the accumulation of lung inflammation was associated with the occurrence of lung cancer in C57BL/6J mice.,Due to the extensive application of C57BL/6J mice in lipid metabolism-associated lung cancer research, multiple injections of urethane may be potential experimental animal models.
